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Abstract: In the social life of the people, the movement is a fundamental action, and the movement of the
people is deeply related to various fields such as economic activity, traffic, and public health. By combining
the movement data of the people and the data of the application field such as the economic activity and
optimization of the traffic, it is expected that the analysis accuracy can be improved and more detailed
analysis can be conducted. In this study, we evaluate the usefulness of clustering cities based on human
movement data using real data. At first, cities are clustered from mobility data of about 110,000 users for
half a year. Next, the usefulness of clustering is verified by two evaluation experiments: (1) similarity of
annual transition of sightseeing consumption by municipalities, and (2) prediction problem of the number of
entering tourists. In the prediction problem, it was confirmed that the prediction error could be reduced in
comparison with the region division decided by the administration.
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Fig. 1 Changes in modularity with different number of clusters
using CNM Algorithm.
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Fig. 5 Transitions in the number of visitors to Yokohama from
2015 to 2018.
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Fig. 6 Distribution of the number of visitors for test data.
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XGBoost EFNDI/NT A =%, KOFEE (max_depth)
B LU SN 5EET— % DFE]4E (subsample) % 2771) v
FH—F IV EE L, FIHT 2 80 E I & R 2N
TA=YERE LI E72, FET—5 D792 4 L B
Bz, FHIOFEEME %L M L &4 % 72 © XGBoost £
TNVDOY— FiE%x 10 [BZE# LT RMSE & MAE O3S
ZEHR L7

4.3 FHMEREREER

ET A M7= TOFHBAEOFEFHREER 5 IR,
FHROKRFIIROPEEINEVZ EERT. &TF AT —
% Ti&, RMSE Tl Newman Algorithm ZFH L T2 Z
Ay T LR EEFIH L72GE 0 R b REDN/NS
<, ATEBDSHRO 72 Ik X 43 & Joi L TRl % 5.58%Hi L
72. MAE T® Newman Algorithm ZFfIFHLCTZ 7 X% 1)
YT LIREEENE L7280 R bBEIVNE <, ATH
DI T2 X 43 & I L CRRZ&E % 3.46%H I L 7=, Tl
MAAVCHBREN D DD % BRSATICE T 5 FRIEEAE S
B4 2 8% (Diebold-Mariano #5g) [22] 12 & ) Bk L 72.
RMSE 2D\ T, 1TEASRD 72X 5% FH L7254
& Newman Algorithm ZFIH L TY 5 X% 1) ¥ 7 L72GE
T, p1H0.036 THEKIESH THELREDNH > 72, 1T
AP 72 X 45 % FIH L 72354 & CNM Algorithm % )
ALTrI25) v 7 LESATE, pfE0.358 TH Y AE
WCERDHL LTV ZRWERTH 7. —J, MAE 12D
WU, ATBOS RO 72 RIX 53 2 R A L 72356 & Newman
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® 6 IEWT— 2% 15 JI N/ A KT O AABOCEET W OH: R
Table 6 Forecast results of the number of visitors with ground-
truth data of less than 150,000 per month.

= RMSE MAE
AR D 2 24,629 15,422

TR HATBS R 72 Mg X 53
AR E + Newman Algorithm
AR E + CNM Algorithm

25,686 15,393
24,780 15,201
24,922 15,286

Algorithm 2FIJHLTZ 9 A% ) v 7 L=2B& T, piil
0.031 THEKESH THEREND o 72, [THIHRD2H
WX %R L7284 L CNM Algorithm #F|H L T2 7
AE) T LEEAETE, pE0.127T TH W AEICEDLD
LEIFVZEWERTH 72,

15 AN/ ARBOT =5 ODAOREREER 6 IIRT. ZD
T3, RMSE TI3EARFHm DA V7256055 b
MFAEDVINE {, MAE Tld Newman Algorithm % FJH L T
7IAYN) 7 LI AR L7235 E 05 b iR AV
Ero7z. RMSE IZDWT, EARBHMEORE V-
B OBEINE o 12720, ERBHEDO A E H V7
Y& & Newman Algorithm X CNM Algorithm ZFJH L
T I A5 v 7 LIz8ECTTFilliaz % Diebold-Mariano
MELZEZA, pEIZFNFN0.798, 0.625 THHAH
BLREVPDDL LRIV EZVEERETH 7. MAE IZDWVT
i¥ Newman Algorithm # FIFILCTZ 7 X% 1) » 7 L7-4%
B rFH L2 A R DIRENNS o fzlzd, RX—
AT A 2k BATHDO 72 IS X 5 % V72354 bR
% T4 (Newman Algorithm ¥ 721Z CNM Algorithm % i
V%) T Diebold-Mariano % L72& 2 A, pfEldZEFNnZ
10498, 0.695 TH W AEREND S LTV BWIERT
Holz. TOLIHILFEREGoBEBELTEZLNDL S
LlE, AABUDEEEA 15 TN/ A KW OS5 A 13 &I+
BB AFT 7= AV THILEEZONDD, 7T A
7)Y ZICHWEBE T — 513 3.1 i Tl 2R o
WA B ORBAFOBAMEFIH L TB Y, ANED D%\
WOBEIENZ & 52 5N TWARWITREEDSH 5. F 0%t
e LTI, R THWRE T — 2 32— DR S
Nizr—4 (E1—FI1T 2= Ry) 0720 %]
LTwiwgs, ARNCBE 7 — 7 ICERSCHlH 77 7 %
WHETLIENEZOLND.

K, 15 AN/ AU EDOTF =5 0ADORRER 7 1R
. ZO%MTH, RMSE B XU MAE &5 5 0fRET
% Newman Algorithm % > TR 7 — &2 X ) HIH
I TAYN) T LIAEREER L2605 b iRV
Eh o7z, RMSE I2DWT, fTEASH0 72 Huig [X 45 % F)
L7234 & Newman Algorithm %2 CNM Algorithm %
FMHALTr 25 v 7 LA TFillii®E% Diebold-
Mariano #5€ L7 & 2 A, pfHIEFZN£10.036, 0.360 T
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Table 7 Forecast results of the number of visitors with ground-
truth data of 150,000 or more per month.

= RMSE MAE

RN R D A 486,611 202,028

HEARNEHE HTBOSRO 72 X 5 484,516 201,908

A= + Newman Algorithm 457,427 194,567

FAN#E + CNM Algorithm 474,558 197,273
oo00000 — ERT—%

EXRRHUE TSRO MK 5
4,500,000

—— EXFFHE +Newman Algorithm
—— EAFHE+CNM Algorithm

4,000,000

~ 3,500,000
2

&
o 3,000,000
g 2,500,000
<

2,000,000

1,500,000

1,000,000

1A 28 38 4B 5B 68 78 88 98 10A 118 128
R A

7 BT O RMEEROHER

Fig. 7 Transitions in the number of visitors to Kamakura City.

# 1, Newman Algorithm #F|H L CTZ I A% ) » 7 L7
LA TCIIAEBEKRESHTHEELRZEDLH > 72. MAE 220
T, ATBS D 72 M3 X 53 2 FIH L 72354 & Newman
Algorithm % CNM Algorithm #FIJFHH LT Z A% V) > 7
L 72454 C Diebold-Mariano #tE L72 & 25, pfEldZh
Z110.031, 0.127 TH Y, TH 5D Newman Algorithm %
FEHLTZ 925 ¥ 7 LIETIdA EKES%THE
BREDH -T2,
NSRS, BEIT -5 ICLATHHO 2 2%
) 27 OFRERE, AABDEEHTFHIREICB VT, FRICE
WEBRDP LGB THHTHLEEZOND. %
7z, CNM Algorithm TII AR L EZXERTE Lh o722
ENL, BEOTVITY)ALTITAY) ¥ 7 &7V, b
HAEBIZE 2T IR ) TOT VT AL 2 EETHT
EDRLEFLWEEZLND.
AABOCER DL WA OB L LT, S8 oIER
F—y EFRRERE 7Oy M LZKERYT (K 7). A
WTIE 1 HIZWER, 6 AIZEBIEDOAKRY b LTHLT
BOLEDNS o Twh. 6 HIZTBON O 72 Mg X 55 %
FIA LB a0 EMT— 7 120w, FRlstoHizown
TRBET—512Lb62752%) 7 2MH LESEHE
7 — % OHBIENZ LD G0 5. T8 IZHATOA
TOTFHREEORKREZRT. ZOMHETIE, RMSE, MAE
DWFNIZBWTH Newman Algorithm O 5 F: % 458 =
ELTHIH L2 0SRaa VNS Wi & e o 7z,
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® 8 HET O ARBOLERT MR
Table 8 Forecast results of the number of visitors regarding

Kamakura City.

= RMSE MAE

HEARFERE D A 338,653 259,254
AR E HTBA O 72 IR IX 5> 326,575 250,791
AN E + Newman Algorithm 315,282 240,671
FAR#E + CNM Algorithm 325,031 257,990

5. b WI(C

AWFZE T, NOBEHT— 712XV THNHEZ 7 F A
)T LT — % EHIBICET A HEHEIEO FHIRIEIC
WHTAZE2]_EL7. Swarm DF 3 H 8 T2—4, %
53 HEDF =y v A v =5 %FAL, Tz /) —F&
L, MO} D > /2EihcTy VaRET A L
T 77 7 2L, WiHNE 222850 > 7 L7,
1200 LT, %79 A7 & TNLHITH OB
HWEREOHEIHLD L W EEHNO I 28) v 7
PEYNATR T 5 e E 2, BOLHEFOHER O Wi %17
BASE O 7o MUk X 43 & BB 7 — 4 128D  HIdiX 45 T
L7, ZO8E5, BE)7 — #1280 IS 50 A8
WEEPED LT A L0 ENRNTELI LA
ALz 22000FHGiE LT, BEjICES o7 7 A

5 1) ¥ 7 OFER B NN O LTI O GABDCE RO T
HRMEICBWTERAMEEER L 7. ITEDSHO 72 g X 55
YRR L L2 A L L TR IR % 5.58 % HH T &
5T EEMERLT.

LRI, BEAE S SBULE TSN O Hsi2 B
TAMEHEEO T TORF ML ERL, FEo—MEk%
ST AZ EBHITENE. T2, 3.2 HiR 4.3 Hi T/

12, BE)F— ZIZARZETIASNS DF = v 7 4 v 57—
FaFMBL72A, 2—HIURY 23D - 72 ) =KD -
20T BEVIHIRDE D B 720, X 0RY D7 i)
EWREGRT — % (& 21, EHEFOLIEEE S
MICEDOCANOT—%) TOFFliziTV2wn, M3 BLY
X 4 % H#d 5 L, Newman Algorithm TlE[f—27 7 A ¥
DR ORI PRI & 5121 72T HENTHITICH ),
CNM Algorithm OFA5HA 2583 & L THIETE T 5
$72, 34 BiOFHIETD, FHHEHEA CNM Algorithm O

HOF»o72728, TNHDOERDS1E CNM Algorithm
DHEBBHT =5 DOr FAY ) Y ZIZHLTWEEEZD
Nh. LLads, 4 BEOTFHUMEDFHETIE, BB

12 Newman Algorithm D F D FRED /NS roiz. FD7
W, 7IAZY) Y TFREIL o T LSS R BT
MDD B, 48, 7I9AF ) 7OT7 V) X LORM
EGMTABEDBRIZOVTHHH L II LTV E LW,

© 2022 Information Processing Society of Japan

SENH

[1]
2]

8]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

Foursquare: Swarm, Foursquare (online), available from
(https://www.swarmapp.com/) (accessed 2020-04-28).
Newman, M.E.: Finding community structure in net-
works using the eigenvectors of matrices, Physical Re-
view E, Vol.74, No.3, p.036104 (2006).

Clauset, A., Newman, M.E. and Moore, C.: Finding
community structure in very large networks, Physical
Review E, Vol.70, No.6, p.066111 (2004).

Wang, Y., Yuan, N.J., Lian, D., Xu, L., Xie, X., Chen, E.
and Rui, Y.: Regularity and conformity: Location pre-
diction using heterogeneous mobility data, Proc. 21th
ACM SIGKDD International Conference on Knowl-
edge Discovery and Data Mining, pp.1275-1284 (2015).
Zheng, Y., Liu, L., Wang, L. and Xie, X.: Learning trans-
portation mode from raw gps data for geographic appli-
cations on the web, Proc. 17th International Conference
on World Wide Web, pp.247-256 (2008).

Nishida, K., Toda, H., Kurashima, T. and Suhara, Y.:
Probabilistic identification of visited point-of-interest for
personalized automatic check-in, Proc. 2014 ACM Inter-
national Joint Conference on Pervasive and Ubiquitous
Computing, pp.631-642 (2014).

Ye, M., Yin, P., Lee, W.-C. and Lee, D.-L.: Exploit-
ing Geographical Influence for Collaborative Point-of-
interest Recommendation, Proc. SIGIR ’11, pp.325-334
(2011).

Yuan, Q., Cong, G., Ma, Z., Sun, A. and Thalmann,
N.M.: Time-aware Point-of-interest Recommendation,
Proc. SIGIR 13, pp.363-372 (2013).

Kurashima, T., Iwata, T., Hoshide, T., Takaya, N. and
Fujimura, K.: Geo Topic Model: Joint Modeling of
User’s Activity Area and Interests for Location Recom-
mendation, Proc. WSDM 13, pp.375-384 (2013).
Ochiai, K., Fukazawa, Y., Yamada, W., Manabe, H. and
Matsuo, Y.: Gravity of Location-based Service: Analyz-
ing the Effects for Mobility Pattern and Location Pre-
diction, Proc. International AAAI Conference on Web
and Social Media (ICWSM) (2020).

Thiemann, C., Theis, F., Grady, D., Brune, R. and
Brockmann, D.: The structure of borders in a small
world, PloS One, Vol.5, No.11 (2010).

Rinzivillo, S., Mainardi, S., Pezzoni, F., Coscia, M.,
Pedreschi, D. and Giannotti, F.: Discovering the geo-
graphical borders of human mobility, KI-Kiinstliche In-
telligenz, Vol.26, No.3, pp.253-260 (2012).

Ratti, C., Sobolevsky, S., Calabrese, F., Andris, C.,
Reades, J., Martino, M., Claxton, R. and Strogatz, S.H.:
Redrawing the map of Great Britain from a network of
human interactions, PloS One, Vol.5, No.12 (2010).
Twitter : API ) 77 L v A, Twitter (> 54 ), AF
5 (https.//dcvclopcr.tw1ttcr.com/> (21 2020-04-28) .
Lindqvist, J., Cranshaw, J., Wiese, J., Hong, J. and
Zimmerman, J.: I'm the Mayor of My House: Examin-
ing Why People Use Foursquare — A Social-Driven Lo-
cation Sharing Application, pp.2409-2418, Association
for Computing Machinery (2011).

Tasse, D., Liu, Z., Sciuto, A. and Hong, J.: State of the
geotags: Motivations and recent changes, Proc. Inter-
national AAAI Conference on Web and Social Media,
Vol.11, No.1 (2017).

Newman, M.E.: Modularity and community structure in
networks, Proc. National Academy of Sciences, Vol.103,
No.23, pp.8577-8582 (2006).

MacQueen, J. et al.: Some methods for classification and

622



[EHRNIRFERIEE Vol.63 No.2 615-623 (Feb. 2022)

analysis of multivariate observations, Proc. 5th Berkeley
Symposium on Mathematical Statistics and Probability,
Vol.1, No.14, pp.281-297 (1967).

(19] KIEHE © B CRREBR GBI T £ 7V 2 HH L7z
BOLHETWICH§ 2%, B, No.6, pp.1-7 (2012).

(20] ALJIIEIUER @ KRBT AT (2005).

[21] Chen, T. and Guestrin, C.: Xgboost: A scalable tree
boosting system, Proc. 22nd ACM SIGKDD Interna-
tional Conference on Knowledge Discovery and Data
Mining, pp.785-794 (2016).

[22] Diebold, F.X. and Mariano, R.S.: Comparing Predictive
Accuracy, Journal of Business and Economic Statistics,
Vol.13, No.3, pp.253-263 (1995).

ZE M- (ExB)

2008 4F-T- B R R Be i LA afAe
7. FERKEHE NTT FaEA

— Fh. 2017 TSRS KR T A
‘vh FERHELBIIRIIE T, 2020 4 8 )]
A~ L0 R, B (1),

SNS, RriBEH, ~V AT TF— 5%

A= b7+ >0 7N, FinTech 5% OBF%E B %12 ¢
. ICWSM 2020 Best Paper Honorable Mentions 5 & .

ACM, HAF — & N— RFHE4n

FH Mz (E2H)

1995 4 K&K b LA se s
IR T, FENARBEERE (FR)
AfL. [EFEE %E(l_{nﬁff 71.‘)5)1: [HERIT

7Ty 8T+ — LEAT T, 2003
£ (BR) NTT FaE~iEEE, 2008 4E
BRIEE RFERF RSB ENT e RHE
TRMERE T, Wt (L%, Eltxa) 718k, 7

T AN ARFERAN, KB ET LB AT O T 8 B 5 (G

F. 2015 F A XERCH B £ UUJT*E’*ET%E
SH. 2019 FEETFHOLH R E 2 H, B HH0EE
FRER.

© 2022 Information Processing Society of Japan

623



